Objective: To assess the value of parameters derived from arterial blood gas tests in the diagnosis of pulmonary embolism.
Introduction
Data from the Prospective Investigation of Pulmonary Embolism Diagnosis [1] indicated that arterial blood gas data are of insufficient value to rule out the diagnosis of pulmonary embolism (PE). In fact, Stein et al [2] showed, with various combinations of normal arterial blood gas values, that PE could be excluded in no more than 30% of the patients with prior cardiopulmonary disease (CPD) and in 14% of those without. The low diagnostic yield of blood gas tests was further supported by another study [3] in which a normal alveolar-arterial partial pressure of oxygen [P(A-a)O 2 ] gradient was present in some 20% of the patients with angiographically documented PE.
On the contrary, McFarlane and Imperiale [4] found a normal P(A-a)O 2 in only 2% of the patients with confirmed PE, and concluded that blood gas analysis is of great value in excluding the diagnosis of PE. Similarly, it has been reported that the finding of PaO 2 greater than 80 mmHg could virtually eliminate the possibility of the disease [5] .
In this discrepant scenario [6, 7] , it appears of interest to explore further the value of parameters derived from arterial blood gas analysis, namely P(A-a)O 2 gradient, PaO 2 and arterial partial pressure of carbon dioxide (PaCO 2 ), in the diagnostic work-up of PE. Patients reported on in this paper were enrolled in the Prospective Investigative Study of Acute Pulmonary Embolism Diagnosis (PISA-PED) [8, 9] .
Methods
The PISA-PED study was aimed at assessing the role of perfusion lung scan (without ventilation imaging) in the diagnosis of PE [8] . The study design required pulmonary angiography in all patients with abnormal lung scans. Before angiography all patients had to sign an informed consent form. Pulmonary angiography was omitted in patients with normal/near-normal scans because such a scintigraphic pattern rules out clinically significant PE. The study was approved by the Ethics Committee of our Institution.
Here we report the results obtained in 773 consecutive patients who were referred to our Institution for suspected PE. Shortly before perfusion lung scanning, arterial blood samples were obtained in all patients while they were breathing room air in order to avoid any interference caused by the administration of supplemental oxygen. On evaluating blood gas data, patients were also grouped according to whether they had or had not prior CPD. These included chronic cardiovascular disease, ischaemic heart disease, hypertension, arterial disorders, previous history of PE and/or deep vein thrombosis (DVT), diabetes, chronic obstructive pulmonary disease and interstitial lung disease. Any degree of physical abnormality (long-term oxygen therapy, severely ill chronic obstructive pulmonary disease patients, tracheostomy, home ventilation) was not considered as an exclusion criterion.
The analyses of arterial blood gas values were made among patients with confirmed PE and those in whom the disease was excluded, either by a negative angiogram or by the finding of a normal/near-normal scan, and between patients with and without prior CPD.
Arterial blood gas and alveolar-arterial partial pressure of oxygen gradients
The measurements of arterial blood gases were obtained shortly before lung scanning while the patients were breathing room air. The P(A-a)O 2 gradient was calculated according to the following formula [2, 10] :
The arterial bood gas determinations were obtained using IL 1650 blood gas analyzer (Instrumentation Laboratory, Milano, Italy). P(A-a)O 2 gradient, PaO 2 , and PaCO 2 were considered normal if they were below 20 mmHg, greater than 80 mmHg and greater than 35 mmHg, respectively. Regarding P(A-a)O 2 gradient, we also calculated a normal value adjusted for age, according to the following formula [4, 11] : Age-adjusted P(A-a)O 2 gradient = (age/4) + 4
Data analysis
Blood gas data were stored in a computer to create a database from which the frequency and distributions of the chosen variables were derived. The unpaired t-test was used to compare continuous variable means in patients with and in those without PE. The χ 2 test with Yates' correction was used to compare the prevalence of normal arterial blood gas values in patients with and in those without PE. P < 0.05 was considered statistically significant. Unless stated otherwise, continuous variables are reported in the text as means ± standard deviation [12] .
Results

Patient characteristics and prevalence of pulmonary embolism
Of the 773 patients who were enrolled in the prospective study, 270 had normal/near-normal lung scans, and 503 had abnormal scans. PE was diagnosed by angiography in 312 patients with abnormal scans and it was excluded in 191. Thus, the overall prevalence of PE was 40% (312/773). Patients with confirmed PE were 64 ± 15 years of age, with a male:female ratio of 1.06. Patients with abnormal scans in whom pulmonary angiography excluded PE were aged 67 ± 12 years with a male:female ratio of 1.0. Patients with normal/near-normal scans were significantly (P < 0.01) younger than those of the other two groups (mean age 61 ± 12 years, male : female ratio 0.7).
Of the 312 patients with confirmed PE, 151 (48%) had prior CPD. Of the 461 patients in whom PE was excluded, 213 (46%) had prior CPD.
Alveolar-arterial partial pressure of oxygen gradients
As shown in Table 1 , a P(A-a)O 2 lower than 20 mmHg was found in nearly equal proportions in patients with angiographically proven PE and in those with abnormal scans and negative angiograms. Patients without PE who had normal/near normal scans had a higher prevalence of normal P(A-a)O 2 than the other two groups. Among patients with PE, the P(A-a)O 2 was on the average 44±15mmHg (range 1-78mmHg), and it was 42 ± 14 mmHg (range 1-76 mmHg) in patients with abnormal scans and no evidence of PE on angiography (P = 0.12). Among patients with normal/near-normal perfusion scans, the P(A-a)O 2 was on the average 39 ± 16 mmHg (range 1-83 mmHg), and it was significantly different from that of both patients with PE (P = 0.0001) and patients without PE who had abnormal perfusion scans (P = 0.040).
The frequency distribution of P(A-a)O 2 values in patients with and without PE is shown in Figure 1 . Of the patients with PE 50% had a P(A-a)O 2 gradient greater than 44 mmHg. Thus, it appears that PE is often accompanied by significant gas exchange abnormalities. However, as many as 50% of the patients with abnormal scans and negative angiograms had a P(A-a)O 2 gradient greater than 42 mmHg (Fig. 1 ).
Considering the P(A-a)O 2 gradient corrected for age [4] , 7% of the patients with PE had a normal age-corrected oxygen gradient. Among patients without PE, the proportion of normal age-corrected P(A-a)O 2 gradients was significantly higher than in patients with confirmed PE (Table 1) .
Arterial oxygen tension
As shown in Table 1 , a normal PaO 2 was found in equal proportions in patients with angiographically proved PE and in patients with abnormal scans in whom PE was excluded by pulmonary angiography. The prevalence of normal PaO 2 values was significant higher in patients with normal/near-normal lung scans. Among patients with PE, the PaO 2 was on average 65 ± 13 mmHg (range 31-108 mmHg) and it was 65 ± 15 mmHg (range 35-128 mmHg) in patients without PE who had abnormal lung scans (P = 0.94). Among patients with normal/near-normal scans, the PaO 2 was on average 71 ± 15 mmHg (range 37-129 mmHg) and it was significantly different from that in both patients with PE (P = 0.0001) and patients without PE who had abnormal scans (P = 0.0001).
As shown in Figure 1 , most of the patients with PE had hypoxaemia, but there was a large overlap of PaO 2 values between patients with angiographically proved PE and those with abnormal scans who had no evidence of PE on angiography. In the latter group, as many as 50% of patients had PaO 2 lower than 65 mmHg. The frequency distribution of PaO 2 values in patients with normal/near-normal lung scans was significantly different from that of patients (with or without PE) who had abnormal scans.
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Figure 1
Box-whisker plots of (a) alveolar-arterial partial pressure of oxygen [P(A-a)O 2 ] gradient, (b) arterial partial pressure of oxygen (PaO 2 ) and (c) arterial partial pressure of carbon dioxide (PaCO 2 ) in patients with and without pulmonary embolism (PE) who had abnormal lung scan or normal/near-normal lung scans. Horizontal line in box is 50th centile (median); limits of box are 25th and 75th centiles; whiskers are 10th and 90th centiles. *P = 0.001 between patients with and without PE who had abnormal scans, by unpaired t-test; **P = 0.04-0.001 between patients with normal/near-normal lung scans and patients with or without PE who had abnormal scans, by unpaired t-test. 
Arterial carbon dioxide tension
As shown in Table 1 , a significantly lower proportion of patients with PE had a normal PaCO 2 as compared with patients with abnormal scans and negative angiograms. However, patients with normal/near-normal lung scans had normal PaCO 2 values in the same proportion as patients with PE. Among patients with PE, the PaCO 2 was on average 33 ± 4 mmHg (range 20-46 mmHg) and it was 35 ± 5 mmHg (range 24-53 mmHg) in patients without PE who had abnormal scans (P = 0.0001). Among patients with normal/near-normal lung scans, the PaCO 2 was on average 33 ± 5 mmHg (range 17-47 mmHg), and it was significantly different from that of patients in whom PE was excluded on angiography (P = 0.0001).
Prior cardiopulmonary diseases
PE was diagnosed in 151 (41%) of 364 patients with prior CPD and in 161 (39%) of 409 without prior CPD. As shown in Table 2 , among the 364 patients with prior CPD, a normal P(A-a)O 2 gradient and a normal PaO 2 were found with nearly equal frequencies in patients with PE and in those in whom the disease was excluded either by a negative angiogram or by the finding of a normal/nearnormal scan. On the contrary, the prevalence of a normal PaCO 2 was significantly lower in patients with PE than in those without.
Among patients without prior CPD, a normal P(A-a)O 2 gradient and a normal PaCO 2 were found in similar proportions in patients with and without PE. By contrast, the proportion of patients with PE who had a normal PaO 2 was significantly less than that of patients in whom the disease had been excluded.
The frequency distributions of P(A-a)O 2 , PaO 2 and PaCO 2 values in patients with and without PE who had or did not have prior CPD are shown in Figure 2 . Of the patients with PE and no prior CPD 50% had a P(A-a)O 2 gradient equal to or less than 45 mmHg, a PaO 2 equal to or less than 62 mmHg and a PaCO 2 equal to or less than 33 mmHg. In patients with PE who had prior CPD, the median values of P(A-a)O 2 , PaO 2 and PaCO 2 were 42, 66 and 33 mmHg, respectively (Fig. 2) . Thus, it appears that the presence of prior CPD does not significantly influence the pattern of gas exchange abnormality in patients with confirmed PE.
Discussion
Arterial blood gases have been extensively evaluated in the diagnostic work-up of patients with suspected PE. In some reports [4, 7, [13] [14] [15] the finding of arterial blood gas abnormalities was regarded as a valid tool to diagnose or exclude PE, thereby restricting the need for further diagnostic testing. More recent reports [2, 3] , however, have indicated that blood gas data are of insufficient value to permit the exclusion of PE.
The present study was aimed at assessing the role of arterial blood gas tests in the diagnostic evaluation of patients with suspected PE who were enrolled in the PISA-PED study [8, 9] . From the reported data it appears that only a minority of patients with angiographically proved PE have normal P(A-a)O 2 gradient, PaO 2 and PaCO 2 ; that patients with abnormal perfusion scans and no evidence of PE on angiography exhibit arterial blood gas abnormalities similar to those of patients with confirmed PE; that patients without PE and normal/near-normal scans tend to have a less severe degree of gas exchange impairment than do patients with abnormal scans; and that the presence of prior CPD does not significantly affect the pattern of gas exchange abnormality in patients with confirmed PE.
Our results confirm previous data from Jones et al [14] , who evaluated the usefulness of the P(A-a)O 2 gradient for diagnosing PE in elderly patients. In that study, the P(A-a)O 2 gradient in patients with angiographically proved PE did not differ from that of patients with negative angiograms. The authors concluded that, in the elderly, an elevated P(A-a)O 2 gradient is entirely nonspecific and of little value in the diagnosis of acute PE. In the study by Powrie et al [16] , nearly 58% of pregnant women with documented PE had P(A-a)O 2 gradients that were normal. It was concluded that arterial blood gas tests should not be used to determine the likelihood of PE, not only in pregnant women, but also in all patients suspected of having PE, because this could lead to improper therapeutic decisions.
That the finding of a normal PaO 2 does not necessarily exclude the diagnosis of PE was also documented by Overton and Bockton [17] , who found normal PaO 2 values in 7% of patients with established PE.
A recent study aimed at calculating the likelihood ratios for PE of the arterial blood gas tests [15] showed that the presence of any blood gas abnormality does not substantially increase the likelihood of PE. That study concluded that, not only does a normal arterial blood gas value fail to exclude the diagnosis of the disease, but that even an abnormal arterial blood gas value does not appreciably increase the likelihood of PE.
In contrast, there have been two studies in the literature [4, 13] that supported the usefulness of normal blood gas data in excluding the diagnosis of PE. In the study by Cvitanic and Marino [13] , a normal P(A-a)O 2 gradient and a normal PaCO 2 were found in 5% and in less than 1% of the patients with PE, respectively. That study, however, was restrospective in design and included only patients with angiographically documented PE in the analysis. In the study by McFarlane and Imperiale [4] , 489 patients had ventilation-perfusion lung scans and simultaneous room air determinations of arterial blood gases. PE was diagnosed in 15% of these patients, but only 2% of the patients who had normal P(A-a)O 2 gradients and no history of previous PE or DVT had PE. Thus, according to these authors, a normal P(A-a)O 2 gradient in patients without previous PE or DVT makes the diagnosis of PE very unlikely. In that study, however, the prevalence of PE was low compared with that reported in other large prospective studies [1, 8] . Furthermore, relatively few patients with PE and ventilation-perfusion scans interpreted as low or intermediate probability were included in the analysis [4] . Such patients are likely to have normal arterial blood gas tests [2] .
Our prospective study included a large number of unselected patients who were referred for lung scanning with suspected PE [8, 9] . All patients were evaluated according to a standardized protocol including detailed clinical history, physical examination, electrocardiogram, chest radiograph and arterial blood gas analysis [8, 9] . Among patients with angiographically proved PE, the severity of the disease, as assessed by counting the number of unperfused lung segments on the lung scan, ranged over a wide spectrum, from minor to massive [9] .
The present data indicate that the measurement of arterial blood gases cannot be used, in itself, to confirm or exclude the diagnosis of PE, because of the large overlap of data between patients with and without PE. This does not imply that the information derived from arterial blood gas tests should be disregarded, but rather suggests that arterial blood gas data should be evaluated in conjunction with other clinical and laboratory data (eg the electrocardiogram, the chest radiograph and the lung scan) [9] . In our experience, the measurement of arterial blood gases is extremely useful, along with the lung scan, to monitor the evolution of PE as a function of anticoagulant therapy [18] . 
